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2 Watson et al.: Multifrequency Observations of the BL Lac MS 0205.7+3509
the presence of gravitational lensing eects in this source
(McHardy et al., 1994).
MS 0205.7+3509 is a candidate for microlensing due
to the possible spiral nature of its `host' galaxy and the
excess soft x{ray absorption which has been determined
from ROSAT PSPC observations (Stocke et al., 1995).
A redshift of z = 0:318 has been determined from a
MgII absorption feature in the optical spectrum of MS
0205.7+3509 (Morris et al., 1991). However, the almost
featureless optical spectrum makes the redshift uncertain
and more recent attempts to conrm it have not been suc-
cessful (Stocke, In prep.). MS 0205.7+3509 has been clas-
sied as an XBL in the complete BL Lac sample of the
Einstein Extended Medium Sensitivity Survey (EMSS),
where it was rst identied (Morris et al., 1991; Gioia
et al., 1990; Perlman et al., 1996).
In this paper, we present the results of simultaneous
x{ray, optical and radio observations of MS 0205.7+3509,
interpret the data and discuss the gravitational lensing
hypothesis.
2. Observations and Data Reduction
Observations of MS 0205.7+3509 were made with the
ASCA satellite (Tanaka et al., 1994) between 00:34 and
18:58UT on 6 February 1997. There are four instruments
on board ASCA, two Gas Imaging Spectrometers (GIS-
S2 and GIS-S3) and two Solid-state Imaging Spectrom-
eters (SIS-S0 and SIS-S1). The instruments have a well-
calibrated energy range of 0.7{10.0keV for the GIS and
0.5{10.0keV for the SIS and only data in these energy
ranges were used for spectral tting. The total observa-
tion time per instrument was approximately 35ks. The
data were recorded in FAINT data mode and converted
to BRIGHT-2 mode (Inoue, 1993) having corrected the
SIS data for the Residual Dark Distribution (RDD) eect
with the FTOOLS script `correctrdd'.
Data from the SIS and GIS instruments were screened
in a standard way, and were then reduced using the Ftools
applications. An extraction region was dened around the
source, giving an aperture of 4
0
for the SIS detectors and
6
0
for the GIS. There are no other sources in the extraction
region down to a (6 cm) ux limit of 50Jy (see Fig. 3).
This spatial region was used to extract the source plus
background counts. An estimate of the background was
derived by taking an annulus around the extraction aper-
ture and extracting counts from this region. An alterna-
tive background estimate was derived from separate dark-
sky observations made by ASCA and results obtained us-
ing both types of background estimates were found to be
consistent. The annulus background was subtracted from
the extracted source plus background counts to obtain a
source spectrum. The resulting spectra were rebinned to
have a minimum of 10 counts per bin in order to ensure
the validity of the Gaussian approximation.











have been K-corrected by multiply-
ing observed ux densities by (1 + z)
 1
, where  is the
power-law spectral index in the appropriate energy band
(Sambruna et al., 1996). 
r
is derived from a linear inter-
polation of ux densities given by Stocke et al. (1995); 
o
is derived from the optical spectrum of MS 0205.7+3509
(Morris et al., 1991); 
x
is taken from these observations.
2.1. Spectral Fitting
The combined binned spectra were t simultaneously us-
ing the Levenberg-Marquardt algorithm in XSPEC. The
data were t to: (a) a model of a power law, with an
absorber as dened by Morrison and McCammon (1983)
xed at the Galactic value (Stark et al., 1992), (b) a power
law model, with a local absorber xed at the Galactic
value and a second absorber at a redshift z = 0:318 and
(c) broken power law with a local absorber xed at the
Galactic value.
The ts to models (a) and (b) were compared using
the F-test (Bevington & Robinson, 1992). Fits to models
(b) and (c) were also compared in this way.
Data from the four ASCA instruments (the two SIS
and the two GIS detectors are referred to from now on as
S0, S1 and S2, S3 respectively) were compared for consis-
tency, using the best t model results (see Table 1) and
were found to be compatible.
2.2. Optical and Radio Observations
Optical Johnson V-band observations were carried out
under photometric conditions with the 1.23m telescope
at Calar Alto Observatory and with the 1m JKT at La
Palma on the nights of 5 and 6 February 1997 with typi-
cal exposure times of between 1200 s and 1800 s. Standard
CCD aperture photometry techniques were used to re-
duce the data. The relative uncertainty (0.2 mag.) in the
optical magnitude was brought below the absolute cali-
bration uncertainty, by reducing the size of the aperture
from which the ux was extracted to achieve optimal sig-
nal to noise. The ux in this optimal aperture could then
be used to compare dierent observations of the object,
on the same night, for evidence of relative variability. MS
0205.7+3509 was also monitored daily from February 4{7
1997 at 4986.99MHz (6 cm) with the Westerbork Synthe-
sis Radio Telescope for integration times of  12 hours.
3. Results
The deconvolved photon spectra from one of the SIS in-
struments (SIS-S0) for the best t power law with Galactic
absorber and redshifted absorber (model (b)) is plotted in
Fig. 1. The slight turnover at the soft end of the spec-
trum due to absorption is evident. A formal F-test yields
> 99:99% condence that a power law with Galactic ab-
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Fig. 1. Best t photon spectrum and contributions to 
2
to SIS-S0 data of MS 0205.7+3509 using the power law



























































(Stark et al., 1992)
and variable absorber at z = 0:318. Fit results are shown
for each ASCA instrument for comparison and consis-
tency. Errors are 90% condence intervals for 1 parameter
of interest.
sorber and redshifted absorber (model (b)) is a better rep-
resentation of the data than a power law with Galactic
absorber (model (a)). A broken power law with Galactic
absorber (model (c)), does not yield a better t despite
having one more free parameter than model (b), and is
not considered further.
Condence contours for the best t model are plotted
in Fig. 2 (for the two parameters, equivalent Hydrogen
absorbing column (N
H
) and photon index ( )).
The results of the spectral tting to models (a) and
(b) are presented in Table 2.
Visual inspection of the x{ray lightcurve yields no ev-
idence for variability greater than 3 on timescales of
hours. Optical photometry on February 5 and 6 yielded








(x10NH 22 cm-2 )
ROSAT
ASCA
Fig. 2. A plot of 68%, 90% and 99% condence contours
for two parameters of interest, equivalent excess hydro-
genic absorbing column (N
H
) at a redshift of 0.318, and
photon index ( ) from a simultaneous t to model (b), of
the data from all four ASCA instruments. Condence con-
tours from the ROSAT observation (Stocke et al., 1995)





























Table 2. ASCA best-t results obtained for models (a)
and (b) using combined SIS and GIS data. Both models







et al., 1992). Errors are 90% condence intervals for 1
parameter of interest.
was detected between the eight exposures above a level of
0:05 mag.
Radio observations during the period 4{7 February
yield a ux value of 5:750:125 mJy for MS 0205.7+3509,
which is inconsistent with previous 6 cmmeasurements ob-
tained at the VLA (4.910:02mJy) (Stocke et al., 1995),
a variability typical of BL Lacs (see for example (Wagner
et al., 1990)). Two radio sources were detected close to
MS 0205.7+3509 (Fig. 3 ) and their uxes and positions
are given in Table 3.
As can be seen from Fig. 2, these ASCA results do
not agree with the ROSAT measurement of 1992 (Stocke
et al., 1995). When both data sets are compared over
their overlapping energy range, 0:5{1:7keV, the photon
index,   and the equivalent hydrogen column, N
H
do not
agree to within 2 (two parameters of interest). Fixing
the redshifted absorption at the ROSAT level, and tting
the ASCA data again over the overlapping energy region,
an F-test indicates that this t is not signicantly better
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Fig. 3. Radio map at 6 cm of the eld surrounding MS
0205.7+3509 observed with the Westerbork Synthesis Ra-
dio Telescope. MS 0205.7+3509 is at top right (RA (1950)







nates and uxes of the three sources in the eld are given
in Table 3.




Table 3. Results of the 6 cm radio observations carried
out at WSRT. The two other sources in the eld are sev-
eral arcminutes away from MS 0205.7+3509.
than a t with freely variable absorption. For this t the
ROSAT   = 2:8
+0:3
 0:2
and ASCA   = 2:5 0:5.
4. Discussion
Although BL Lacs were originally classied as XBLs or
RBLs depending on the energy band in which they were
rst discovered, recent work has focused on determin-
ing the physical distinctions between the two types of
source (Padovani & Giommi, 1995; Fossati et al., 1997;
Georganopoulos & Marscher, 1998). For example, the
spectral energy distributions of XBLs and RBLs dier
markedly, with the peak in synchrotron output occurring
in the x{ray range for the former and the radio range for
the latter. Such dierences may arise due to changes in the
dominant radiation mechanism occurring as a function of
both the angle between the line of sight and the bulk ve-
locity (Maraschi et al., 1986). Synchrotron emission is ex-
pected to dominate the x{ray spectra of XBLs (viewed at
a large angle) while inverse compton (IC) emission should
dominate the x{ray spectrum of RBLs (viewed at small
angles and signicantly Doppler boosted). Another inter-
pretation of the dierent properties of XBLs and RBLs is
based on the cut-o frequencies of the synchrotron spec-
tral energy distribution (Padovani & Giommi, 1995). In
this model BL Lacs with a cut-o in the IR/optical band
are RBLs, while those with a cut-o in the UV/x{ray re-
gion are XBLs.





)   5:5, where S
x
is the ux at 2keV and
S
r
is the ux at 5GHz, dened in the same units (Laurent-
Muehleisen et al., 1997). MS 0205.7+3509 lies rmly in the




) =  4:17 derived from the
simultaneous observations presented here, suggesting that
synchrotron emission is dominating the x{ray emission in
the ASCA energy band.
The shape of the spectrum from optical to x{ray wave-
lengths is an indicator of the relative importance of the IC
component to the continuum emission (Sambruna et al.,























is a measure of the concavity/convexity of the spectrum
between optical and x{ray wavelengths. A positive value
for 
xox
(concave shape) implies the presence of a hard










= 0:48. The simultaneous spectrum therefore shows
no evidence of concavity out to  10keV. On the basis of
these data an IC component may be expected to become
signicant in the hard x{ray region (clearly above 10keV)
and this could be veried by spectroscopic observations in
this energy band (Sambruna et al., 1996). Three nearby
XBLs (Mkn 421, Mkn 501 and 1ES 2344+514) have been
detected at TeV energies and this high energy emission
may be attributable to IC scattering of the highest energy
electrons o the synchrotron x{ray photons (Weekes et al.,
1997; Catanese et al., 1997). Calculations of the opacity
of the universal soft photon background to {rays suggest
that MS 0205.7+3509 may be detectable above 100GeV
by future {ray telescopes (Salamon & Stecker, 1998). We
note that MS 0205.7+3509 (like Mkn 501) was not de-









) =  4:17 and 
xox
=  0:82,
MS0205.7+3509 emerges as a typical XBL. It lies at the









) diagram. The convexity of the simultaneous
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multiwavelength spectrum indicates that the source is not
a at-spectrum radio quasar (FSRQ) which is being af-
fected by microlensing as suggested by Stocke et al. (1995)
since it does not have the characteristic FSRQ concave
spectral shape (Sambruna et al., 1996). Furthermore on
the basis of the x{ray spectrum only, we can rule out the
possibility that MS 0205.7+3509 is an FSRQ since the
x{ray power law photon indices of that class of AGN are
signicantly harder than those of XBLs, lying in the range
1.3{1.9 (Urry et al., 1996; Kubo et al., 1998).
The ASCA spectrum indicates variability in the x-
ray ux of this object, compared to the spectrum













for the ASCA observation of February
1997, compared to 1:490:05 for the ROSAT 1992 obser-
vation). We detect a change in either the photon index,
  or the equivalent Hydrogen column, N
H
. Assuming a
change in the photon index,  , then it is interesting to
note that this behaviour is quite similar to that observed
by Madejski et al. (1996) in AO 0235+164 between their
non-simultaneous ROSAT and ASCA observations.
The case for microlensing eects in this source (de-
centered nucleus from host, spiral host and the presence
of excess soft x-ray absorption) has been questioned be-
cause results from a deep subarcsecond optical study have
shown that there is a companion galaxy 2
00
away from the
BL Lac. When it is removed, the BL Lac is centred with
respect to the remaining nebulosity and the properties of
the host galaxy do not look anomalous (Falomo et al.,
1997). However, the existence of excess x{ray absorption
in the ROSAT PSPC data is also clearly detected in the
ASCA spectrum and may be attributable to the halo of
this companion galaxy, if it is in a foreground location.
Another possibility is that the BL Lac resides behind its
nominal `host' galaxy.
5. Conclusions
Simultaneous multiwavelength observations of MS
0205.7+3509 demonstrate that it is a typical XBL, with

xox
=  0:82. No evidence for an IC component was
observed in the ASCA spectrum and on the basis of
these results such a component is expected to appear in
the hard x{ray (> 10 keV) band. The ASCA spectrum
conrms a soft x{ray absorption in excess of the Galactic
value which was previously identied with ROSAT. How-
ever, the location and nature of this foreground absorber
and its possible role in microlensing remains unclear.
More extensive optical monitoring could reveal rapid
variability indicating probable gravitational microlensing
in MS 0205.7+3509 as has been done in the case of AO
0235+164 (Rabbette et al., 1996).
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